The objective of this study was to identify risk factors for classical swine fever infections (CSF) that influenced the infection rate of neighbour herds during the infectious period of the neighbourhood. The analyses were based on data collected during the 1997-1998 CSF-epidemic in the Netherlands. Serological findings at depopulation were used to estimate the date the virus was introduced into the source or neighbour herd. Univariable and multivariable survival analysis were used to identify factors that influenced the infection rate of neighbour herds.
INTRODUCTION
During recent epidemics of classical swine fever (CSF) in Belgium, Germany, and the Netherlands, it was observed that secondary outbreaks of CSF frequently occurred in close vicinity to primary outbreaks of CSF (Koenen et al, 1996 , Kramer et al, 1995 Pluimers et al, 1999; Roberts, 1995; Vanthemsche, 1996) . Such secondary outbreaks were classified as neighbourhood infections if (i) they occurred within 1000 m of the primary outbreak; (ii) the estimated date of virus introduction in the herd was within the infectious period of the primary outbreak, and; (iii) if there were no indications for other infection routes . The mechanisms underlying these neighbourhood infections are still poorly understood.
Infection routes suggested as potential modes of virus transmission between neighbouring herds include airborne spread over short distances (< 25 meters) (Falk and Hunt, 1980; Hughes and Gustafson, 1960; Laevens et al, 1998; Laevens et al, 1999; Roberts, 1995; Terpstra, 1987) , spread by pet animals (Miry et al, 1991) , rodents (Westergaard, 1996) , birds (Hughes and Gustafson, 1960) , and insects (Morgan and Millar, 1976) . Other possible routes of virus transmission are unreported contacts between neighbourhood farms (Eibers et al, 2001) . Airborne transmission of CSF virus over short distances was experimentally demonstrated by , Hughes and Gustafson (1960) and Terpstra (1987) . However, the attempt to isolate CSF virus from the air of rooms housing experimentally infected pigs has not been successful (Stärk, 1998) . In all, although none of these authors actually established the relation between the distance to the source of virus and the probability of infection, airborne transmission of CSF virus was expected to be of importance only for very short distances. Spread by pet animals, birds or insects was never established.
A possible strategy to control neighbourhood infections is preventive depopulation of herds near a primary outbreak (Eibers et al, 1998) . In this control strategy, all pigs in herds near the primary outbreak are killed and destroyed, even if no clinical signs of the disease are seen at that moment, to (i) reduce the infectivity of possibly infected neighbouring herds by reducing the length of the infectious period to zero and by reducing the number of infectious pigs in infected herds; (ii) to decrease the density of herds with susceptible pigs, which results in a decrease of the contact rate and the number of different herds that can be contacted . Local preventive depopulation as a control strategy was used in the European Union (EU) in CSF epidemics in Belgium, Germany, and the Netherlands. In all three countries, herds within a radial distance of 1000 m of an infected herd were preventively depopulated (Eibers et al, 1998; Pluimers et al, 1999; Roberts, 1995; Staubach et al, 1997; Vanthemsche, 1996) . However, depending on the radius of preventive depopulation, and the number of herds and pigs within that radius, the costs of this control strategy can be prohibitive. In addition, preventive depopulation may need more destruction capacity and labour than available and the killing and destroying of healthy pigs raises ethical questions. To determine the best control strategy with respect to epidemiological results and economic losses a better understanding of neighbourhood infections is necessary.
This study attempts to improve the understanding of neighbourhood infections by analysing the occurrence of neighbourhood infections during the 1997-1998 epidemic in the Netherlands. Survival analysis (Cox proportional hazard regression) was used to identify risk factors that influenced the date of virus introduction into neighbouring herds during the infectious period of the neighbourhood.
MATERIALS AND METHODS

Study population
The study population consisted of all herds in the neighbourhood of CSF infected herds during the 1997-1998 epidemic of CSF in the Netherlands. A neighbourhood was defined as an area with a radius of 1000m around an outbreak (source herd). Cases were herds that became infected within the infectious period of the neighbourhood they belonged to.
Serological findings at depopulation were used to estimate the weekly probabilities the virus was introduced into the source or neighbourhood herd . From the distribution of all possible weeks of virus introduction into the herd, one week was drawn weighted to the weekly cumulative probabilities. Next, within this week one day was randomly drawn to serve as the estimated date of virus introduction of the herd. Because it takes 4-6 days before animals start to excrete the virus we assumed that herds became infectious for other herds one week after the estimated introduction of the virus into the herd . Subsequently, the defined infectious period ended at the date of depopulation of the herd. Infected herds for which no date of virus introduction could be estimated were excluded.
The randomisation process to estimate the infection date of all herds was executed ten times resulting in ten different data sets. These data sets were used to check how sensitive the results were for the randomly estimated infection dates. Results of one of the data sets will be presented.
Dates of depopulation of infected herds, dates of preventive depopulation of neighbouring herds and serological findings at depopulation were obtained from the CSF database of the National Inspection Service for Livestock and Meat (RVV). The RW also provided information to determine per neighbourhood the date of onset of the buy-out programme from overstocked herds.
Risk factors
The risk factors investigated in this study are listed and explained in Table 1 . Herd size, herd type and presence of other production animals were analysed for both the source herd and the neighbouring herd.
In the course of the epidemic the transportation ban and the implemented programme for buying-out pigs from overstocked herds affected the actual herd size. The latter was of special importance for finishing-and rearing herds because due to these measures the herd size of these herds decreased with time. Therefore, we decreased the herd size from the moment the buying-out programme was started with 20% per month for finishing and 70 rearing herds. As a result, four months after the start of a buying-out programme in a neighbourhood a finishingor rearing herd was defined empty. Herd size was calculated for all herds by summing up sows, replacement sows, and finishing pigs after correction for the buying-out programme. being downwind from the to 31 March 1998 were obtained from the Royal Dutch Meteorological source herd during the Institute (KNMI) based on a weather observation station situated close to the infectious period: epidemic area. The hourly observations of wind direction were used to calculate the cumulative time a herd was down wind from the infected source herd during the entire infectious period. A herd was considered to be down wind if the herd was located within the compass triangle formed by wind direction plus or minus 5°. Categories: Oh; l-5h; 5 -10h; 10-20h; >20h.
• Length of the infectious Time (in weeks) between the estimated day the source herd became infectious period of the source herd: and the day of depopulation of that source herd. Categories: 1 week; 2 weeks; 3 weeks; > 3 weeks.
Statistical analyses
Univariable and multivariable survival analysis were used to identify factors that influenced the infection rate of neighbour herds during the infectious period of the neighbourhood. A neighbour herd was defined as a case in a particular neighbourhood if the estimated date of virus introduction of that herd was within the infectious period of the source herd. Neighbour herds that never became infected were right-censored at the last date of the infectious period of the source herd. Neighbouring herds that became empty within the infectious period or within the following 21 days due to preventive depopulation or due to the implemented buying-out programme were right-censored 21 days before the moment of becoming empty. This was done as a correction for the time a herd could be infected without being noticed as such. In the analysis in which neighbour herds were randomly assigned to just one neighbourhood, cases were right-censored at their estimated date of virus introduction in all other neighbourhoods they were part of, thus did not become case in those other neighbourhoods. 71
Kaplan-Meier (LIFETEST procedure in SAS, Release 6.12; SAS Institute) was used to evaluate the effect each stratum of a risk factor had on the infection rate of a neighbour herd. Kaplan-Meier survival curves for each stratum of a risk factor were plotted. The log rank test and the Wilcoxon (Breslow) test were used to test the homogeneity of the curves between strata. Risk factors that were associated with the infection rate (at P<0.20) were selected for the multivariable analysis.
To assess the proportional hazards assumption a test of trend in the hazard ratio was performed for each factor by testing a time-dependent explanatory variable x=x (t), representing the interaction of the explanatory variable with the time at risk. A nonzero value of the regression parameter for the time-dependent variable x implies a trend in the hazard ratio with time (Wald's X 2 , p < 0.10). If so, the time-dependent variable x was included in the final model (SAS Institute, Inc., 1997). The survivorship function S(t) for each stratum of an associated risk factor was also plotted as log[-logS(t)] against ln(t) as a visual assessment of the proportional hazard assumption.
Factors that were univariable associated with the survival time of a neighbouring herd (PO.20) were included in a multivariable Cox proportional hazards model (PHREG procedure in SAS Release 6.12) by using an in hand elimination procedure. The significance of explanatory variables to the model was tested by using a likelihood ratio test (PO.01).
Separate multivariable models were built for risk factors related to the source herd, risk factors related to the neighbour herd and risk factors not specifically related to herds. Finally, all significant tested factors from the separate multivariable models were tested in a full multivariable model (likelihood ratio test (P<0.01)).
RESULTS
The randomisation process to estimate the infection date of a herd appeared to be of minor influence on the parameter estimates in the proportional hazard models. Only small differences occurred in the levels of the estimated hazard rates (HR) and opposite results were not found.
From the univariable analysis of source herd related risk factors production type and herd size appeared to be related to the hazard for neighbour herds to become infected. No statistical differences were found in the parameter estimates of the production types 'breeding herd' and 'mixed herd'. Therefore, in the multivariable analyses these production types were combined resulting in the two production types finishing herds and all other herds. Also no statistical differences were found in the parameter estimates for herd size 250-750 and >750. These two categories were combined. The results of the multivariable Cox proportional hazards model for source herd related risk factors are shown in Table 2 . If the source herd was a finishing herd the infection rate was 1.51 times higher than if the source herd was not a finishing herd. The infection rate for a neighbour herd increased with increasing herd size of the source herd.
In the univariable analyses the neighbour herd related risk factors production type and herd size were related to the hazard to become infected. The same regrouping as for source herds was performed based on similar statistical results.
Over the ten data sets there was a tendency in the univariable analysis that the presence of cattle at the neighbour herd was also related to a reduced hazard for neighbour herds to become infected (HR < 1). However, in the multivariable analysis this variable almost never reached the significance of inclusion (p<0.01) in the final model. The results of the multivariable Cox proportional hazards model for neighbour herd related risk factors are shown in Table 3 . If the neighbour herd was not a finishing herd the infection rate increased by 2.10. The infection rate of a neighbour herd increased by increasing herd size. From the risk factors not specifically related to herds the factors neighbour herd in the same street as source herd, radial distance, time down wind and stage of preventive slaughter appeared to be related in the univariable analysis to the hazard for neighbour herds to become infected. The category 250-500 m of the risk factor radial distance differed not significantly from the category 250-500 m and the category 500-750 m differed not significantly from the category 750-1000 m. Therefore, the risk factor was recoded in the categories 0-500 m and 500-1000 m. In the third stage of implementing preventive slaughter (after 15 June '97) almost no neighbourhood infections occurred. Therefore, this stage was joined together with the second stage. The results of the multivariable Cox proportional hazards model for risk factors not specifically related to herds are shown in Table 4 . The infection rate of a herd being situated in the same street as a source herd was 1.28 times higher than of a herd not situated in the same street as a source herd. The infection rate of a herd located more than 500 m from a source herd was 0.70 times lower than of a herd located within 500 m of a source herd. The longer a herd was down wind from a source herd the more the infection rate decreased. After 20 April '97 the infection rate of a neighbour herd was 0.53 times lower than before 20 April '97.
The results of the final multivariable Cox proportional hazard regression model are shown in Table 5 . The production type of the source herd and being situated in the same street as the source herd dropped from the final model. All other factors remained significant in the final model. 
